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Abstract

2, have been investigated. Although three endothermic
transitions were observed only two were reproducible and

correspond to a crystal to crystal change and a crystal to

temperature for the nematic transition and the absence of a

cresent in 2.
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nematic change. A larger than expected decrease in the on-set

srectic transition in 2 compared to p-sexiphenyl, 1, have been

rolecular conformation of the parent compound, 1 which 1is not

The mesogenic properties of 2’,3’’’’-dimethyl-p-sexiphenyl,

observed. These data support a proposed "lock-key" model the for
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p-oligophenylenes have high melting points, good stability,
low solubility, and the capacity to fluoresce. They are
important as moderators in nuclear reactors, solid and liquid
scintillators, and as optical brighteners for electrooptical
displays. Additionally, some of these compounds have been shown
to have mesogenic properties.

Previously Lewis and Kovac [1] have studied the thermal
behavior of p-sexiphenyl, 1, and found that it undergoes two
phases changes, a crystal to smectic A transition and a smectic A
to nematic transition. The smectic A mesophase was unique 1in
that it did not conform to McMillan’s theory '2]. To our
xnowledge the liquid crystalline properties of laterally
substituted p-oligophenylenes have not been reported. 1In an
effort to characterize their behavior and to understand smectic A
crdering in 1, the mescogenic properties of 2/,3/’//-di~-*" ~-p-

sexiphenyl, 2, have beenr studied.
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Experimental Section
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The compound 2’,3”’’‘/’-dimethyl-p-sexiphenyl was synthesized
by the multi-step sequence shown in reactions 1-7. Details of

the procedure are given elsewhere ([3].

P~ Lol ’,a"‘

L The microscopic studies were made on a Leitz-Wetzler
P
b s : . . ‘e
;: Ortholux polarizing instrument filled with a nodified Mettler FP-
)
-i

2 heating stage. Triplicate determinations were carried out at a

T

heating rate of 2 °C/min. Photographs were taken using a Leitz

x
»

L)
¥ a2 K n,

«

» microscopic 35mm camera and Kodak Kodachrome film (25 ASA). The
Ay

A DSC measurements were performed using either a Perkin Elmer Model
o
ﬁ{ DSC-2 differential scanning calorimeter or a Du Pont Model 9900
{ \"
;:: thermal analyzer equipped with a DSC attachment and pressure

N

- cell. Heating rates of 2 and 20 °C/min were used for the DSC
fi scans carried out at ambient pressure. Nitrogen was used as the
'

- cturge gas. The elevated pressures measurements were under 500
‘: rsi of argon at 50 °C/min.
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-, Results
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{
O The thermal behavior of 2 was studied by polarized

L
o microscopy and differential scanning calorimetry (DSC). Although
O
oo three endothermic transitions were observed, only two were

t
‘#\ reproducible.
¥, (*': .

&} Microscopy: On heating 2, two phase changes were observed:
& a crystal to crystal transition at 197 +1.1 °C and a crystal to
A nematic transition at 263 +0,3 ©C. The nematic nature of the
¥ ":-‘
':j latter transition was confirmed by a characteristic Schlieren

-

e pattern (figure 1). The nematic phase persisted up to the

o
o thermal limit of the hot stage being used, 300 °C. Replicate
;ﬁj studies were carried out and both transitions were reproducible
o within normal experimental limits. However, during cooling only
v the higher endothermic change, the nematic to crystal transition,
J‘.h
P
- was detected.
e
S Differential Scanning Calorimetry: The transitions

)

;{ detected by microscopy also were confirmed by DSC (figure 2).

-~
.-

{: Their on-set temperatures [and heats of transition] were 196.7%
\':‘.

AR 0.9 ©C [25.3 +0.3 J/g] and 260.3 +0.1 [95.1%1.6 J/g]. 1In

hd

}i addition to these changes, a small exothermic peak (350 ©C) and a
ENS
' ‘.'r
:;- large endothermic peak (480-580 ©C) were observed in the
v

7
e thermogram. These could not be studied by microscopy due to

L
o upper heating limitations of our equipment. Although both of the
-~
-I;j lower temperature endothermic transitions were reproducible, the
a changes noted at higher temperature were not. These latter

L

N transition are believed to be due to decomposition as indicated
\ --'A
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by their width, a drifting baseline and the formation of a yellow
color which was noted when the sample pans were opened and
examined. The extent of decomposition (i.e., variations in the
thermograms above 300 ©C) varied even under identical heating
rates. In an effort to minimize the effect of decomposition on
the thermogram a fast heating rate (50 ©C/min) and elevated
pressure (500 psi) were used. A representative DSC scan is shown
in figure 3. Even under these conditions the thermograms

obtained at higher temperature were not reproducible.
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The parent compound, p-sexiphenyl, exhibits two mesophase
transitions, a change from the crystal to smectic A form at 435
Oc and a change from the smectic A to nematic form at 470 °C (1].
However, in the current study substitution of two lateral methyl
groups completely eliminated the smectic mesophase and only a
crystal to nematic transition was observed. This behavior is
consistent with previous studies of the effect of substitution of
identical di, tri, and tetra-lateral groups on the mesomorphic
properties of biphenyl analogs (4,5]. Such substitutions have
been shown to have an additive influence. In the case of di-
substitution interplanar twisting usually alters the close
racking of rod like molecules to the extent thzat smectic
rroperties are eliminated and the on-set temperature of the
rematic phase is significantly decreased.

On the basis ot this additive substituent principle, the
~aximum decrease expected for the nematic trarsition for
2’,3''7’-dimethyl-p-sexiphenyl is approximately 170 degrees. The
actual decrease observed was about 20% degrees which seems
unusually large based on simple steric considerations. The

substitution of methyl groups in sexiphenyl should not introduce

new non-planarity between the phenyl rings which are already out
Eﬁ of plane and are conjugated little [4]. Although the interplanar
Eﬁ angle is probably increased, this increase would not be expected
S to be as significant as cases where methyl substitution
Eﬁ introduces non-planarity into planar molecules.
.
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The unique features responsible for the transition in 1 may

¢

w2ll explain the loss of smectic behavior and the large decrecase
in the on-set temperature for the nematic transition upon
substitution as was noted for 2. Although the polarizability of
the phenyl rings and the resulting high intermolecular attraction
in polyphenylenes favor parallel alignment, for the compounds to
exhibit smectic behavior a minimum value of polarizabiltiy is
necessary which is present in six ring systems. This minimum
value is supported by the fact that p-quingquephenyl, does not
exhibit smectic properties (7].

p-sexiphenyl can have two possible parallel alignments as
shown in figure 4. These are arbitrarily referred to as head-
~ead (figure 4a) and head-tail (figure 4b) arrangements.
2.though an assumed interplanar angle of 90 degrees is presented

fcr illustrative purpcses, this same two arrangements are

»
Ya¥e

“l "l

rossible irrespective of the angle as long as it is greater than

=

" l’ l.
[

zero. In the head-head arrangement, the molecular axes are

~- s

aligned parallel with the phenyl rings lying in the same plane
whereas in the head-tail arrangement, the phenyl are in non-
parallel planes (i.e., perpendicular for an interplanar angle of
90 degrees). This latter arrangement gives a better steric
("lock-key") fit for close packing while minimizing pi-electrons
repulsion between rings.

The above "lock-key" model explains the high on-set
temperature for the smectic transition in p-sexiphenyl as well
the large influence of lateral methyl substitution on the liquid

crystalline properties of 2. 1In substituted derivatives of 1 the

. PR U S L o
_______ L R AT Y T U,
D) -

5 . S T et et e e e e e S e e
P % P TR S A P VR P A R RN A T




-
s

-

inteir.olecular distance between molecules is increased enough to

eliminate advantages of a head-tail arrangement over the head-

-

head configquration. With this increased spacing between

DAL, ~N 2o

molecules, attractive forces are diminished below the threshold
value needed for smectic ordering. This model can be verified by
additional studies of the liquid crystalline behavior of higher

s homologues of p-polyphenylenes.
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Reaction Scheme

Preparation ot 2/,3’’’’~-dimethyl
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List of Figqures

Figure 1. Photomicrograph illustrating the Schlieren texture of
the nematic phase of 2.

Figure 2. DSC thermogram of 2 obtained at a heating rate of 20
OC/min and at ambient pressure.

Figure 3. DSC thermogram of 2 obtained at a heating rate of 50
Oc/min and at 500 psi ¢ ? argon.

Figure 4. Model arrangement of 1: a) head-head configuration,

b) head-tail configuration.
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